Abstract 15 Substantial experiential research into x-factor, and to a lesser extent crunch-factor has 16 been undertaken with the aim of increasing clubhead speed. However, a direct comparison of 17 the golf swing kinematics associated with each 'factor' has not, and possible differences 18 when using a driver compared to an iron. Fifteen low handicap male golfers who displayed a 19 modern swing had their golf swing kinematic data measured when hitting their own driver 20 and five-iron, using a 10-camera motion analysis system operating at 250 Hz. Clubhead 21 speed was collected using a validated launch monitor. No between-club differences in x-22 factor and crunch-factor existed. Correlation analyses revealed within-club segment (trunk 23 and lower trunk) interaction was different for the driver, compared to the five-iron, and that a 24 greater number of kinematic variables associated with x-factor, compared to crunch-factor 25 were shown to be correlated with faster clubhead speeds. This was further explained in the 26 five-iron regression model, where a significant amount of variance in clubhead speed was 27 associated with increased lower trunk x-factor stretch, and reduced trunk lateral bending.
Introduction
biomechanics laboratory. Ethical approval to conduct the study was provided by the 135 Institutional Human Research Ethics Committee. A 10-camera MX-F20 Vicon-Peak Motion Analysis system (Oxford Metrics, Oxford, 139 UK) operating at 250 Hz was used to capture each participant's 3D golf swing kinematics. A 140 previously validated multi-segment trunk model (Joyce et al., 2010) was used to create three 141 anatomical reference frames for the trunk, lower trunk and pelvis. For the required golf swing 142 kinematics, two events were identified during the golf swing. The top of the backswing was 143 defined as the frame where the two club markers changed direction to initiate the downswing 144 (Lephart, Smoliga, Myers, Sell, & Tsai, 2007) . A small piece of retro-reflective tape attached 145 to the golf ball was used to identify ball impact. Ball impact was defined as the frame 146 immediately before the ball was first seen to move after contact with the driver (Joyce et al., From the five trials recorded for each club, the trials with the fastest and slowest 153 clubhead speed were removed, and the remaining three trials were averaged, assuming that 154 there was minimal retro-reflective marker drop out, the ball landed within a predicted 37 m 155 wide fairway (from the launch monitor), and where the participant felt that proper contact had 156 been made, were analysed. All golf swing kinematics were smoothed using a Woltring filter For the first aim, dependent t-tests revealed no significant (p ≤ .0038) between-club 207 differences in x-factor and crunch-factor variables (Table 1) 3.2 X-factor and crunch-factor variables correlated with clubhead speed 214 For the second aim, within-club segment interaction (trunk and lower trunk) found 215 that trunk and lower trunk x-factor (r = .84, p <.01) and x-factor stretch (r = .71, p = .01) 216 were correlated for the five-iron but not the driver. Trunk and lower trunk crunch-factor was 217 correlated for both the driver (r = .66, p = .01) and the five-iron (r = .52, p = .05). Further, a 218 greater number of x-factor variables were correlated to clubhead speed for both clubs 219 (particularly the five-iron), than crunch-factor variables. For the driver, there was a moderate 220 correlation between lower trunk axial rotation at ball impact and clubhead speed (r = .45, p = 221 .01). A greater amount of x-factor variables (four) than crunch-factor variables (one) were 222 reported for the five-iron. There was a strong correlation between lower trunk x-factor stretch 223 and clubhead speed (r = .78, p < .01). There were moderate correlations for lower trunk x-224 factor (r = .66, p = .01), lower trunk segment velocity at ball impact (r = .53, p = .04), and 225 trunk x-factor stretch and clubhead speed (r = .52, p = .05). There was a single moderate 226 correlation for the crunch-factor variable, trunk lateral bending at ball impact and clubhead 227 speed (r = -.61, p = .02). However, the negative correlation shows that increased trunk lateral 228 bending at ball impact is correlated with slower clubhead speeds. 
Driver and five-iron regression models 231
For the third aim, there was a non-significant regression model for the driver. rotation at ball impact, to explain a non-significant 20% of variance in faster clubhead speeds.
reported agree with similar experimental research, that trunk x-factor stretch and lower trunk 282
x-factor were all found to be correlated with clubhead speed (Myers et al., 2008; Chu et al., 283 2010; Joyce et al., 2013) . Lower trunk velocity at ball impact was the fourth x-factor variable 284 that was correlated with clubhead speed. Further analysis revealed that this variable was also 285 moderately correlated with both lower trunk x-factor (r = .67, p = .01) and lower trunk x-286 factor stretch (r = .65, p = .01). The single crunch-factor variable correlated with clubhead 287 speed was trunk lateral bending at ball impact. The greater amount of x-factor variables 288 reported for the five-iron support the idea that x-factor variables are more strongly correlated 289 to clubhead speed than crunch-factor variables. With respect to golf, evidence suggests that 290 excessive trunk lateral bending restricts trunk axial rotation velocity during the downswing, 
